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(54) Radiation image read-out method and apparatus 

(57) Stimulating rays produced by a line light source 
are linearly irradiated onto an area of one surface of a. 
stimulable phosphor sheet, on which a radiation. image 
has been stored. The stimulating rays cause the sheet 
to emit light in proportion to an amount of energy stored 
thereon during its exposure to radiation. Light, which is 
emitted from the linear area of the one surface of the 
sheet exposed to the linear stimulating rays or from a 
linear area of the other surface corresponding to the lin- 
ear area of the one surface, is received with a line sen- 
sor comprising photoelectric conversion devices 
arrayed along a length direction of the linear area of the 
sheet. The sheet is moved with respect to the line light 
source and the line sensor and in a direction different 
from the length direction of the linear area of the sheet. 
A distributed index iens array comprising distributed 
index lenses arrayed along the length direction of the 
linear area of the sheet is located between the sheet 
and the line sensor. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Inv nt,ion 

[0001] This invention relates to a radiation image 
read-out method and apparatus. This invention particu- 
larly relates to a radiation image read-out method and 
apparatus, wherein light emitted by a stimulable phos- 
phor sheet is detected with a line sensor. 

Description of the Prior Art 

[0002] It has been proposed to use stimulable . 
phosphors in radiation image recording and reproduc-. 
ing systems. Specifically, a radiation image of an object, 
such as a human body, is recorded on a stimulable 
phosphor sheet, which comprises a substrate and a 
layer of the stimulable phosphor overlaid on the sub- 
strate. Stimulating rays, such as a laser beam, are, 
deflected and caused to scan pixels in the radiation 
image, which has been stored on the stimulable phos- 
phor sheet, one after another. The stimulating rays 
cause the stimulable phosphor sheet to emit light in pro- 
portion to the amount of energy stored thereon during 
its exposure to the radiation. The light emitted succes- 
sively from the pixels in the radiation image having been 
stored on the stimulable phosphor sheet, upon stimula- 
tion thereof, is photoelectrical^ detected and converted 
into an electric image signal by photoelectric read-out 
means. The stimulable phosphor sheet,, from which the 
image signal has been detected, is then exposed to 
erasing light, and radiation energy remaining thereon is 
thereby released. 

[0003] The image signal, which has been obtained 
from the radiation image recording and reproducing 
systems, is then subjected to image processing, such 
as gradation processing and processing in the fre- 
quency domain, such that a visible radiation image, 
which has good image quality and can serve as an 
effective tool in, particularly, the efficient and accurate 
diagnosis of an illness, can be obtained. The image sig- 
nal having been obtained from the image processing is 
utilized for reproducing a visible image for diagnosis, or 
the like, on film or on a high resolution cathode ray tube 
(CRT) display device. The stimulable phosphor sheet, 
from which residual radiation energy has been released 
with the erasing light, can be used again for the record- 
ing of a radiation image. 

[0004] Novel radiation image read-out apparatuses 
for use in the radiation image recording and reproducing 
systems described above have been proposed in, for 
example, Japanese Unexamined Patent Publication 
Nos. 60(1985)-1 11568 and 60(1985)-236354. In the 
proposed radiation image read-out apparatuses, from 
the point of view of keeping the emitted light detection 
time short, reducing the size of the apparatus, and 



keeping the cost low, a line light source, such as a fluo- 
rescent lamp, a cold cathode fluorescent lamp, or* a light 
emitting diode (LED) array, for irradiating linear stimulat- 
ing rays onto a stimulable phosphor sheet is utilized as 
s a stimulating ray source, and a line sensor comprising a 
plurality of photoelectric conversion devices arrayed 
along the length direction of a linear area of the stimula- 
ble phosphor sheet, onto which the stimulating rays are 
irradiated by the line light source, is utilized as photoe- 
10 lectric read-out means. Also, the proposed radiation 
image read-out apparatuses comprise scanning means 
for moving the stimulable phosphor sheet with respect 
to the line light source and the line sensor and in a direc- 
tion, which is approximately normal to the length direc- 
ts tion of the linear area of the stimulable phosphor sheet. 
[0005] As for techniques for detecting the light, 
which is emitted by the stimulable phosphor sheet, with 
the line sensor, a technique may be considered, in 
which the emitted tight is guided by a cylindrical lens or . 
20 optical fibers to the line sensor. A technique may also be 
considered, in which the line sensor is located close to 
the stimulable phosphor sheet so as to directly receive 
the emitted light without an optical system intervening 
between the line sensor and the stimulable phosphor 
25 sheet 

[0006] However, in cases where the line light 
source is employed and the emitted light is detected 
with the line sensor, the light is emitted from the linear 
area, instead of a point, on the stimulable phosphor 

30 sheet. Therefore, in order for an image having high 
sharpness to be obtained, not only the intensity of the 
emitted light but also the information concerning the 
position of light emission must be detected accurately. 
[0007] Specifically, if the emitted light spreads and 

35 impinges upon the line sensor, the light emitted from a 
single point on the stimulable phosphor sheet will 
impinge upon a plurality of photoelectric conversion 
devices constituting the line sensor. Therefore, in such 
cases, the position, from which the light is emitted, and 

40 the intensity of the emitted light cannot be detected 
accurately. For example, in cases where the light emit- 
ted by the stimulable phosphor sheet is guided by a 
cylindrical lens extending in the length direction of the 
line sensor, the emitted light is converged with respect 

45 to the direction normal to the length direction of the line 
sensor (i.e., with respect to the direction having a curva- 
ture). However, in such cases, the emitted light diverges 
with respect to the length direction of the line sensor 
(i.e., with respect to the direction having no curvature). 

so Therefore, a high light collecting efficiency cannot be 
obtained, and the position from which the light is emitted 
cannot be detected accurately. 
[0008] With the technique for guiding the emitted 
light through optical fibers to the line s nsor or the tech- 

55 nique for directly receiving the emitted light by the line 
sensor, the end faces of the optical fibers or the line 
sensor must be located close to the stimulable phos- 
phor sheet. However, in the image read-out operation, 
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the stimulabie phosphor sheet is moved relative to the 
line sensor. Therefore, it is necessary for a spacing to 
be left between the line sensor and the stimulabie phos- 
phor sheet. The spacing between the line sensor and 
the stimulabie phosphor sheet is markedly larger than 
the spacing (e.g., approximately 0.1mm) between adja- 
cent photoelectric conversion devices of the line sensor. 
Accordingly, as in the cases where the cylindrical lens is 
employed, a high light collecting efficiency cannot be 
obtained, and the position from which the light is emitted 
cannot be detected accurately. 

SUMMARY OF THE INVENTION 

[0009] The primary object of the present invention 
is to provide a radiation image read-out method, 
wherein an intensity of light emitted by a stimulabie 
phosphor sheet and a position from which the light is 
emitted are capable of being detected with a high light 
collecting efficiency and a high spatial resolution, and 
an image having a high sharpness is capable of being 
formed from information having been obtained from the 
detection of the emitted light. 

[0010] Another object of the present invention is to 
provide an apparatus for carrying out the radiation 
image read-out method. 

[0011] The present invention provides a radiation 
image read-out method, comprising the steps of: 

i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of one surface of a stimulabie phosphor sheet, on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimulabie phosphor sheet 
to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 
area of the one surface of the stimulabie phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of the other surface of the stimulabie 
phosphor sheet corresponding to the linear area of 
the one surface of the stimulabie phosphor sheet, 
with a line sensor comprising a plurality of photoe- 
lectric conversion devices arrayed along a length 
direction of the linear area of the stimulabie phos- 
phor sheet, the received light being subjected to 
photoelectric conversion performed by the line sen- 
sor, and 

iii) moving the stimulabie phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from the length direction 
of the linear area of the stimulabie phosphor sheet, 
wherein the light, which is emitted from the linear 
area of the one surface of the stimulabie phosphor 
sheet or from the linear area of the other surface of 
the stimulabie phosphor sheet, is converged by a 
distributed index lens array, which is located 
between the stimulabie phosphor sheet and the line 



sensor and which comprises a plurality of distrib- 
uted index lenses arrayed along the length' direction 
of the linear area of the stimulabie phosphor sheet 

5 [0012] In the radiation image read-out method in 
accordance with the present invention, the line sensor 
should preferably comprise a plurality of the photoelec- 
tric conversion devices arrayed along the length direc- 
tion of the linear area of the stimulabie phosphor sheet 

70 and along the direction different from the length direc- 
tion of the linear area of the stimulabie phosphor sheet. 
[0013] Also, in the radiation image read-out method 
in accordance with the present invention, the distributed 
index lens array should preferably satisfy the formula: 

75 

N x{ 1 <os 3 (tan " 1 (D/2L0))} a 0. 1 

in which D represents the diameter of the distributed 
index lens, Lo represents the working distance of the 
20 distributed index lens, and N represents the number of 
the distributed index lenses falling within the radius of 
field of the distributed index lens. 
[0014] Further, in the radiation image read-out 
method in accordance with the present invention, the 

2$ working distance of the distributed index lens should 
preferably fall within the range of 1 mm to 1 0mm. 
[0015] Furthermore, in the radiation image read-out 
method in accordance with the present invention, the 
distributed index lens array should preferably have a 

30 transmittance of at least 80% with respect to a light 
component having a wavelength exhibiting the highest 
intensity among the light components of the light emit- 
ted by the stimulabie phosphor sheet. 
[0016] As will be understood from the specification, 

35 it should be noted that the term "moving a stimulabie 
phosphor sheet with respect to a line light source and a 
line sensor" as used herein means movement of the 
. stimulabie phosphor sheet relative to the line light 
source and the tine sensor, and embraces the cases 

40 wherein the stimulabie phosphor sheet is moved while 
the line light source and the line sensor are kept station- 
ary, the cases wherein the line light source and the line 
sensor are moved while the stimulabie phosphor sheet 
is kept stationary, and the cases wherein both the stim- 

45 ulable phosphor sheet and the line light source and the 
line sensor are moved. In cases where the line light 
source and the line sensor are moved, they should be 
moved together with each other. 
[0017] The direction along which the stimulabie 

so phosphor sheet is moved with respect to the line light 
source and the line sensor (i.e., the direction different 
from the length direction of the exposed linear area of 
the stimulabie phosphor sheet) should preferably be the 
direction approximately, normal to the I ngth direction 

55 (i.e., the major axis direction) of the exposed linear area 
of the stimulabie phosphor sheet, i.e. should preferably 
be the minor axis direction. However, the direction along 
which the stimulabie phosphor sheet is moved with 
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' respect to the line light source and the line sensor is not 
limited to the minor axis direction. For example, in cases 
where the lengths of the line light source and the line 
sensor are longer than one side of the stimulable phos- 
phor sheet, the stimulable phosphor sheet may be 5 
moved with respect to the line light source and the line 
sensor along an oblique direction with respect to the 
direction approximately normal to the length direction of 
the line light source and the line sensor or along a zig- 
. zag movement direction, such that approximately the T o 
entire surface of the stimulable phosphor sheet may be 
uniformly exposed to the stimulating rays. 
[0018] The line sensor employed in the radiation 
image read-out method in accordance with the present 
invention may comprise the plurality of the photoelectric is 
conversion devices arrayed along only the length direc- 
tion (i.e., the major axis direction). Alternatively, the line 
sensor may comprise the plurality of the photoelectric 
conversion devices arrayed along each of the major axis- 
direction and the minor axis direction, which is normal to 20 
the major axis direction. In such cases, the plurality of 
the photoelectric conversion devices may be arrayed in 
a matrix-like pattern such that they may stand in a 
straight line along each of the major axis direction and 
the minor axis direction. Alternatively, the photoelectric 25 
conversion devices may be arrayed such that they may 
stand in a straight line along the major axis direction and 
in a zigzag pattern along the minor axis direction. As 
another alternative, the photoelectric conversion 
devices may be arrayed such that they may stand in a 30 
straight line along the minor axis direction and in a zig- 

. zag pattern along the major axis direction. As a further 
alternative, the photoelectric conversion devices may be 
arrayed such that they may stand in a zigzag pattern 
along each of the major axis direction, and the minor 35 
axis direction. 

[0019] The length of the line sensor, as measured 
at the light receiving surface, should preferably be 
longer than or equal to the length of one side of the 
effective image storing region of the stimulable phos- 40 
phor sheet. In cases where the length of the light receiv- 
ing surface of the line sensor is longer than the length of 
one side of the effective image storing region of the 
stimulable phosphor sheet, the line sensor may be 
located obliquely with respect to the side of the effective 4$ 
image storing region of the stimulable phosphor sheet. 
[0020] The line light source and the line sensor may 
be located on the same surface side of the stimulable 
phosphor sheet or on opposite surface sides of the stim- 
ulable phosphor sheet. Also, two line sensors may be 50 
located on opposite surface sides of the stimulable 
phosphor sheet. In cases where the line light source 
and the line sensor are located on opposite surface 
sides of the stimulable phosphor sheet, the substrate of 
the stimulable phosphor sheet, or the like, should be 55 
formed from a material permeable to the emitted light, 
such that the emitted light may permeate to the surface 
side of the stimulable phosphor sheet opposite to the 



surface on the stimulating ray incidence side. 
[0021] The present invention also provides an 
apparatus for carrying out the radiation image read-out 
method in accordance with the present invention. Spe- 
cifically, the present invention also provides a radiation 
image read-out apparatus, comprising: 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of one surface of a stimulable 
phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
lable phosphor sheet to emit light in proportion to 
an amount of energy stored thereon during its 
exposure to radiation, 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the one surface of the stimu- 
lable phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of the other surface of 
the stimulable phosphor sheet corresponding to the 
linear area of the one surface of the stimulable 
phosphor sheet, and performing photoelectric con- 
version of the received light, the line sensor com- 
prising a plurality of arrayed photoelectric 
conversion devices, and 

iii) scanning means for moving the stimulable phos- 
phor sheet with respect to the line light source and 
the line sensor and in a direction different from a 
length direction of the linear area of the stimulable 
phosphor sheet, 

wherein a distributed index lens array, which com- 
prises a plurality of distributed index lenses arrayed 
along the length direction of the linear area of the 
stimulable phosphor sheet, is located between the 
stimulable phosphor sheet and the line sensor in 
order to converge the light, which is emitted from 
the linear area of the one surface of the stimulable 
phosphor sheet or from the linear area of the other 
surface of the stimulable phosphor sheet. 

[0022] In the radiation image read-out apparatus in 
accordance with the present invention, the line sensor 
should preferably comprise a plurality of the photoelec- 
tric conversion devices arrayed along the length direc- 
tion of the linear area of the stimulable phosphor sheet 
and along the direction different from the length direc- 
tion of the linear area of the stimulable phosphor sheet 
[0023] Also, in the radiation image read-out appara- 
tus in accordance with the present invention, the distrib- 
uted index lens array should preferably satisfy the 
formula: 

Nx{1 -cos 3 (tan 0 (D/2Lo))}a0.1 

in which D represents the diameter of the distributed 
index lens, Lo represents the working distance of the 
distributed index lens, and N represents the number of 
the distributed index lenses falling within the radius of 
field of the distributed index lens. 
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[0024] Further, in the radiation image read-out 
apparatus in accordance with the present invention, the 
working distance of the distributed index lens should 
preferably fall within the range of 1 mm to 1 0mm. 
[0025] Furthermore, in the radiation image read-out 
apparatus in accordance with the present invention, the 
distributed index tens array should preferably have a 
transmittance of at least 80% with respect to a light 
component having a wavelength exhibiting the highest 
intensity among the light components of the light emit- 
ted by the stimulable phosphor sheet 
[0026] With the radiation image read-out method 
and apparatus in accordance with the present invention, 
the light, which is emitted by the stimulable phosphor 
sheet when the stimulable phosphor sheet is exposed to 
the stimulating rays produced by the line light source, is 
converged by the image forming optical system (i.e., the 
distributed index lens array), which is located in the opti- 
cal path between the line light source for linearly irradi- 
ating the stimulating rays onto the stimulable phosphor 
sheet and the line sensor for receiving the emitted light 
and photoelectrically converting it. The image forming 
optical system has object points on the light emission 
surface of the stimulable phosphor sheet has image 
points on the light receiving surface of the line sensor. 
Therefore, the information (I.e., the image carrying the 
information) representing the intensity distribution of the 
emitted light on the light emission surface of the stimu- 
lable phosphor sheet can be directly formed on the light 
receiving surface of the line sensor. Accordingly, even if 
the optical system for collecting the light emitted by the 
stimulable phosphor sheet is located at a spacing from 
the stimulable phosphor sheet, the intensity of light 
emitted by the stimulable phosphor sheet and the posi- 
tion from which the light is emitted can be detected with 
a high light collecting efficiency and a high spatial reso- 
lution, and an image having a high sharpness can be 
formed from image signal information having been 
obtained from the detection of the emitted light. 
[0027] Also, with the radiation image read-out 
method and apparatus in accordance with the present 
invention, the line sensor may comprise the plurality of 
the photoelectric conversion devices arrayed along the 
length direction of the linear area of the stimulable phos- 
phor sheet and along the direction normal to the length 
direction of the linear area of the stimulable phosphor 
sheet In such cases, if the line width of the light emitted 
by the stimulable phosphor sheet, which line width is 
formed on the light receiving surface of the line sensor, 
is larger than the light receiving width of each photoe- 
lectric conversion device, the line sensor as a whole can 
receive the emitted light over the range of the large line 
width of the emitted light, which line width is formed on 
the light receiving surfac of the line sensor. As a result, 
the light collecting efficiency can be enhanced even fur- 
ther. 

[0028] Further, with the radiation image read-out 
method and apparatus in accordance with the present 



invention, wherein the distributed index lens array satis- 
fies the formula shown below, the light collecting effi- 
ciency of the distributed index lenses can be kept to be 
at least 10%. 

5 

Nx{1^cos 3 (tan' 1 (D/2Lo))}s0.1 

in which D represents the diameter of the distributed 
index lens, Lo represents the working distance of the 

70 distributed index lens, and N represents the number of 
the distributed index lenses falling within the radius of 
field of the distributed index lens. 
[0029] Furthermore, with the radiation image read- 
out method and apparatus in accordance with the 

is present invention, wherein the working distance of the 
distributed index lens falls within the range of 1mm to 
1 0mm, the movement of the stimulable phosphor sheet 
with respect to the line light source and the line sensor 
Is not obstructed. Also, the light collecting efficiency can 

20 be prevented from becoming low, and an image having 
a high sharpness can be obtained. 
[0030] Also, with the radiation image read-out 
method and apparatus in accordance with the present 
invention, wherein the distributed index lens array has a 

25 transmittance of at least 80% with respect to the light 
component having the wavelength exhibiting the highest 
* intensity among the light components of the light emit- 
ted by the stimulable phosphor sheet, a desired light 
collecting efficiency can be kept, and an image having a 

30 high sharpness can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1A is a perspective view showing a first 
embodiment of the radiation image read-out appa- 
ratus in accordance with the present invention, 
Figure 1 B is a sectional view taken on line l-l of Fig- 
ure 1 A, 

Figure 2 is an explanatory view showing a line sen- 
sor in the embodiment of Figure 1 A, 
Figure 3A is a perspective view showing a second 
embodiment of the radiation image read-out appa- 
ratus in accordance with the present invention, 
Figure 3B is a sectional view taken on line l-l of Fig- 
ure 3A, 

Figure 4 is an explanatory view showing a line sen- 
sor in the embodiment of Figure 3A, 
Figures 5A and 5B are explanatory views showing 
relationship between a beam width of stimulating 
rays and a beam width of emitted light, 
Figure 5C is a graph showing an intensity distribu- 
tion of the emitted light along the beam width direc- 
tion, 

Rgures 6A, 6B, and 6C are explanatory views 
showing how the embodiment of Figure 3A oper- 
ates, 
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Figure 7 is a conceptual view showing memory 
regions in a memory of addition means, which cor- 
respond to sites on a stimuiable phosphor sheet, 
Figures 8A and 8B are explanatory views showing 
different examples of arraying of photoelectric con- 
version devices constituting the line sensor in the 
embodiment of Figure 3A, 

Figure 9 is a sectional view showing a different 
embodiment of the radiation image read-out appa- 
ratus in accordance with the present invention, and 
Figure 10 is a sectional view showing a further dif- 
ferent embodiment of the radiation image read-out 
apparatus in accordance with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0032] The present invention will hereinbelow be 
described in further detail with reference to the accom- 
panying drawings. 

[0033] Figure 1A is a perspective view showing a 
first embodiment of the radiation image read-out appa- 
ratus in accordance with the present invention. Figure 
1 B is a sectional view taken on line l-l of Figure 1 A. Fig- 
ure 2 is an explanatory view showing a line sensor in the 
embodiment of Figure 1 A. 

[0034] With reference to Figures 1A and 1B, the 
radiation image read-out apparatus comprises scanning 
belt 40 for supporting a stimuiable phosphor sheet 
(hereinbelow referred to simply as the sheet) 50, on 
which a radiation image has been stored, and convey- 
ing the sheet 50 in the direction indicated by the arrow 
Y. The radiation image read-out apparatus also com- 
prises a broad area semiconductor laser (hereinbelow 
referred to as the BLD) 1 1 for radiating out a linear laser 
beam L having a linear pattern with a line width of 
approximately lOOpm and having wavelengths falling 
within the range of 600nm to 700nm. The laser beam L 
acts as stimulating rays and is radiated out approxi- 
mately in parallel with the surface of the sheet 50. The 
radiation image read-out apparatus further comprises 
an optical system 12, which is constituted of a combina- 
tion of a converging lens for converging the linear laser 
beam L having been radiated out of the BLD 1 1 and a 
toric lens for expanding the beam only in one direction. 
The radiation image read-out apparatus still further 
comprises a dichroic mirror 14, which is located at an 
angle of 45 degrees with respect to the surface of the 
sheet 50 and which is set so as to reflect the laser beam 
L and to transmit emitted light M described later. The 
radiation image read-out apparatus also comprises a 
first distributed index lens array (constituted of an array 
of a plurality of distributed index lenses) 1 5, The first dis- 
tributed index lens array 15 converges (forms the image 
of) the linear laser beam L, which has been reflected 
from the dichroic mirror 1 4, into a linear beam (having a 
line width of approximately 100jim) extending along the 
direction indicated by the arrow X on the sheet 50. Also, 



the first distributed index lens array 15 forms an image 
of the emitted M, which is emitted by the sheet 50 
exposed to the linearly converged laser beam L and 
which carries image information of the radiation image 
5 stored on the sheet 50, as an aerial image IM in the 
vicinity of the dichroic mirror 14. The radiation image 
read-out apparatus further comprises a second distrib- 
uted index I ns array 1 6 for forming an image of the aer- 
ial image IM, which has been formed by the first 
to distributed index lens array 15, on light receiving sur- 
faces of photoelectric conversion devices 21 , 21 , ... con- 
stituting a line sensor 1 20, which will be described later. 
The radiation image read-out apparatus still further 
comprises a stimulating ray cut-off filter 17 for transmi- 
ts ting only the emitted light M and filtering out the laser 
beam L, which has been reflected from the surface, of 
the sheet 50 and which is mixed slightly in the emitted 
light M having passed through the second distributed 
index lens array 16. The radiation image read-out appa- 
20 ratus also comprises the line sensor 1 20, which is con- 
stituted of a plurality of photoelectric conversion devices 
21, 21, ... for receiving the emitted light M having 
passed through the stimulating ray cut-off filter 17 and 
for photoelectrically converting the emitted light M. The 
25 radiation image read-out apparatus further comprises 
image information reading means 130. The image infor- 
mation reading means 130 reads outputs of the photoe- 
lectric conversion devices 21,21, .... constituting the line 
sensor 120 and feeds out an image signal, which is 
30 made up of the outputs, into an image processing unit, 
or the like. 

. [0035] As described above, in this embodiment, the 
. first distributed index lens array 15 is located so as to 
. form the image of the area of the sheet 50 as the aeria! 

35 image IM. Also, the second distributed index lens array 
16 is located so as to form an image of the aerial image 
IM, which has been formed by the first distributed index 
lens array 15, on the light receiving surfaces of the pho- 
toelectric conversion devices 21, 21, ... constituting the 

40 line sensor 120. With such a constitution, it is possible 
to constitute an image forming optical system for form- 
ing an image (an erect equi-magnification image) of the 
emission area of the emitted light M on the sheet 50 in 
one-to-one size relationship on the light receiving sur- 

45 faces of the photoelectric conversion devices 21 , 21 , ... 
. [0036] The optical system 12, which is constituted 
of the converging lens and the toric lens, converges and 
expands the laser beam L, which comes from the BLD 
1 1 , into a desired irradiation area on the dichroic mirror 

so 14. (The optical system 12 expands the laser beam L 
atong the linear emission direction of the laser beam L.) 
[0037] As illustrated in Figure 2, the tine sensor 1 20 
comprises a plurality of (e.g., at least 1,000 pieces of) 
photoelectric conversion devices 21, 21, ... arrayed 

55 along the direction indicated by the double-headed 
arrow X. Each of the photoelectric conversion devices 
21, 21, ... constituting the line sensor 120 has the light 
receiving surface having a size of approximately 
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100iimx100nm. The magnification ratio of the image 
forming optical system, which is constituted of the first 
distributed index lens array 15 and the second distrib- 
uted index lens array 16, is 1:1 (equi-magnification). 
Therefore, each of the photoelectric conversion devices 
21 , 21 .... can receive the emitted light M occurring from 
part having a size of approximately 100^mx100|im on 
the surface of the sheet 50. As the photoelectric conver- 
sion devices 21, 21, amorphous silicon sensors, 
CCD image sensors, MOS image sensors, or the like, 
may be employed. 

[0038] How this embodiment of the radiation image 
read-out apparatus in accordance with the present 
invention operates will be described hereinbelow. 
[0039] Firstly, the scanning belt 40 moves in the 
direction indicated by the arrow Y, and the sheet 50, on 
which the radiation image has been stored and which is 
supported on the scanning belt 40, is conveyed in the 
direction indicated by the arrow Y. The conveyance 
speed of the sheet 50 is equal to the movement speed 
of the scanning belt 40. Information representing the 
movement speed of the scanning belt 40 is fed into the 
image information reading means 130. 
[0040] The BLD 1 1 radiates out the laser beam L 
having a linear pattern with a line width of approximately 
100^im. The laser beam L is radiated out approximately 
in parallel with the surface of the. sheet 50. The laser 
beam L is converged and linearly expanded by the opti- 
cal system 12, which is constituted of the converging 
lens and the toric lens and is located in the optical path 
of the laser beam L The laser beam L impinges (is con- 
verged) in the linear pattern upon the dichroic mirror 14. 
The laser beam L, which thus impinges (is converged) 
in the linear pattern upon the dichroic mirror 14, is 
reflected from the dichroic mirror 14 toward the surface 
of the sheet 50. The reflected laser beam L is con- 
verged by the first distributed index lens array 15 into a 
linear beam (having a line width d L of approximately 
100jim) extending along the direction indicated by the 
arrow X on the sheet 50. 

[0041] The dichroic mirror 14 is located such that 
the image of the linear area on the dichroic mirror 14 
(i.e., the linear area upon which the laser beam L 
impinges in the linear pattern) is formed by the first dis- 
tributed index lens array 15 onto the linear area extend- 
ing along the direction indicated by the arrow X on the 
sheet 50 (i.e., the linear area onto which the laser beam 
L is converged as the linear beam having a line width d(_ 
of approximately 100|im). 

[0042] The laser beam L impinging upon the sheet 
50 is advantageous over the fluorescence produced by 
a fluorescent lamp and light radiated out from an LED 
array in that the directivity of the stimulating rays is high, 
the intensity of the stimulating rays is high, and there- 
fore high stimulation energy can be imparted to the 
stimulable phosphor sheet. Accordingly, the laser beam 
L can sufficiently stimulate the stimulable phosphor at 
the exposed area (having a line width d L of approxi- 



mately 100*im). As a result, the light M of high intensity 
carrying the image information stored on the sheet 50 is 
emitted by the stimulable phosphor at the exposed area. 
[0043] The image of the light M emitted by the sheet 
5 50 is formed by the image forming optical system, which 
is constituted of the first distributed index lens array 15 
and the s cond distributed index lens array 16, onto 
each of the light receiving surfaces of the photoelectric 
conversion devices 21 , 21 , ... constituting the line sen- 
70 sor 120. At this time, the laser beam L, which has been 
reflected from the surface of the sheet 50 and is mixed 
slightly in the emitted light M having passed through the 
second distributed index lens array 1 6, is filtered out by 
the stimulating ray cut-off filter 17. The stimulating ray 
75 cut-off filter 1 7 (such as a sharp cut filter or a band pass , 
filter) transmits the emitted light M and filters out the 
stimulating rays. Therefore, the stimulating rays can be 
prevented from impinging upon the line sensor 120. 
[0044] The emitted light M having passed through 
20 the stimulating ray cut-off filter 17 is received by the 
photoelectric conversion devices 21, 21, ... constituting 
the line sensor 1 20 and photoelectrical^ converted into 
signal components of an image signal S. The signal 
components of the image signal S are fed into the 
25 image information reading means 130 and fed out into 
the image processing unit, or the like, such that it may 
be clear which signal component corresponds to which 
position on the sheet 50 corresponding to the amount of 
displacement of the scanning belt 40. 
30 [0045] As described above, with the first embodi- 
ment of the radiation image read-out apparatus in 
accordance with the present invention, the image form- 
ing optical system, which is constituted of the two dis- 
tributed index lens arrays 15 and 16, is located in the 
35 optical path between the line light source for linearly 
irradiating the stimulating rays onto the stimulable phos- 
phor sheet 50 and the line sensor 120 for receiving the 
light, which is emitted by the stimulable phosphor sheet 
50 when the stimulable phosphor sheet 50 is exposed to 
40 the stimulating rays produced by the line light source, 
and photoelectrical^ converting the emitted light. 
Therefore, the linear image of the emitted light on the 
light emission surface of the stimulable phosphor sheet 
50 can be directly formed on the light receiving surface 
45 of the line sensor 120. Accordingly, even if the image 
forming optical system for collecting (forming the image 
of) the light emitted by the stimulable phosphor sheet 50 
is located at a spacing from the stimulable phosphor 
sheet 50, the intensity of light emitted by the stimulable 
so phosphor sheet 50 and the position from which the light 
is emitted can be detected with a high light collecting 
efficiency and a high spatial resolution, and an image 
having a high sharpness can be formed from the image 
signal information having been obtained from the detec- 
55 tion of the emitted light. 

[0046] The radiation image read-out apparatus in 
accordance with the present invention may further com- 
prises monitoring means 60 (shown in Figure 1A) for 
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monitoring the intensity of the laser beam L radiated out 
of the BLD 1 1 , and BLD modulating means 70 for mod- 
ulating the BLD 1 1 in accordance with the results of the 
monitoring with the monitoring means 60 such that the 
power of the BLD 1 1 may become equal to a predeter- 
mined value. When fluctuation in intensity of the laser 
beam L radiated out of the BLD 1 1 is detected, the BLD 
1 1 may be modulated by the BLD modulating means 70 
such that the intensity of the laser beam L may become 
equal to a predetermined value. 
[0047] A second embodiment of the radiation image 
read-out apparatus in accordance with the present 
invention will be described hereinbelow. Figure 3 A is a 
perspective view showing a second embodiment of the 
radiation image read-out apparatus in accordance with 
the present invention. Figure 3B is a sectional view 
taken on line l-l of Figure 3A. Figure 4 is an explanatory 
view showing a line sensor in the embodiment of Figure 
3A. 

[0048] With reference to Figures 3A and 3B, the 
radiation image read-out apparatus comprises the 
scanning belt 40 for supporting the sheet 50, on which a 
radiation image has been stored, and conveying the 
sheet 50 in the direction indicated by the arrow Y. The 
radiation image read-out apparatus also comprises the 
BLD 1 1 for radiating out the laser beam L having a linear 
pattern with a line width of approximately 100|im. The 
laser beam L is radiated out approximately in parallel 
with the surface of the sheet 50. The radiation image 
read-out apparatus further comprises the optical sys- 
tem 12, which is constituted of the combination of the 
converging for converging the linear laser beam L hav- 
ing been radiated out of the BLD 1 1 and the toric lens 
for expanding the beam only in one direction. The radi- 
ation image read-out apparatus still further comprises 
the dichroic mirror 14, which is located at an angle of 45 
degrees with respect to the surface of the sheet 50 and 
which is set so as to reflect the laser beam L and to 
transmit emitted light M described later. The radiation 
image read-out apparatus also comprises the first dis- 
tributed index lens array (constituted of an array of a plu- 
. rality of distributed index lenses) 15. The first distributed 
index lens array 15 converges (forms the image of) the 
linear laser beam L, which has been reflected from the 
dichroic mirror 14, into a linear beam (having a line 
width of approximately lOOjarn) extending along the 
direction indicated by the arrow X on the sheet 50. Also, 
the first distributed index lens array 15 forms an image 
of the emitted M, which is emitted by the sheet 50 
exposed to the linearly converged laser beam L and 
which carries image information of the radiation image 
stored on the sheet 50, as an aerial image IM in the 
vicinity of the dichroic mirror 14. The radiation image 
read-out apparatus further comprises the second dis- 
tributed index lens array 16 for forming an image of the 
aerial image IM, which has been formed by the first dis- 
tributed index lens array 15, on light receiving surfaces 
of photoelectric conversion devices 21, 21, ... constitut- 



ing a line sensor 20, which will be described later. The 
radiation image read-out apparatus still further "com- 
prises the stimulating ray cut-off filter 17 for transmitting 
only the emitted light M and filtering out the las r beam 
5 L, which has been reflected from the surface of the 
sheet 50 and which is mixed slightly in the emitted light 
M having passed through the second distributed index 
lens array 16. The radiation image read-out apparatus 
also comprises the line sensor 20, which is constituted 
.to of a plurality of photoelectric conversion devices 21 , 21 , 
... for receiving the emitted light M having passed 
through the stimulating ray cut-off filter 1 7 and for photo- 
electrically converting the emitted light M. The radiation 
image read-out apparatus further comprises image 

75 information reading means 30. The image information 
reading means 30 is provided with addition means 31 
for performing addition processing on outputs of the 
photoelectric conversion devices 21 , 21 , ... constituting 
the line sensor 20, which outputs correspond to an iden- 

20 tical site on the sheet 50. The image information reading 
means 30 feeds out an image signal having been 
obtained from the addition processing. 
[0049] As described above, in this embodiment, the 
first distributed index lens array 1 5 is located so as to 

25 . form the image of the area of the sheet 50 as the aerial 
image IM. Also, the second distributed index lens array 
1 6 is located so as to form an image of the aerial image 
IM, which has been formed by the first distributed index 
lens array 15, on the light receiving surfaces of the pho- 

30 toelectric conversion devices 21 , 21, ... constituting the 
line sensor 120. With such a constitution, it is possible 
to constitute an image forming optical system for form- 
ing an image of the emission area of the emitted light M 
on the sheet 50 on the light receiving surfaces of the 

35 photoelectric conversion devices 21 , 21 , ... 

[0050] The optical system 12, which is constituted 
of the converging lens and the toric lens, converges and 
expands the laser beam L, which comes from the BLD 
1 1, into a desired irradiation area on the dichroic mirror 

40 14. (The optical system 12 expands the laser beam L 
along the linear emission direction of the laser beam L.) 
[0051] As illustrated in Figure 4, the line sensor 20 
comprises a plurality of (e.g., at least 1,000 pieces of) 
photoelectric conversion devices 21, 21, ... arrayed in 

45 each row along the direction indicated by the double- 
headed arrow X. Three such rows of the photoelectric 
conversion devices 21, 21 , ... extending in the direction 
indicated by the double-headed arrow X stand side by 
side in the direction of conveyance of the sheet 50 (i.e., 

so in the direction indicated by the arrow Y). Each of the 
photoelectric conversion devices 21, 21, ... constituting 
the line sensor 20 has the light receiving surface having 
a size of approximately 100^unx100jxm. In cases where 
the magnification ratio of the image forming optical sys- 

55 tern, which is constituted of th first distributed index 
lens array 15 and the second distributed index lens 
array 16, is 1:1 (equi-magnification), each of the photo- 
electric conversion devices 21, 21, ... can receive the 
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emitted light M occurring from part having a size of 
approximately 100|imx100^im on the surface of the 
sheet 50. As the photoelectric conversion devices 21 , 
21 , .... amorphous silicon sensors, CCO image sensors, 
MOS image sensors, or the like, may be employed. 5 
[0052] As the addition processing performed by the 
addition means 31, simple addition processing, 
weighted addition processing, or the like, may be 
employed. Also, in lieu of the addition means 31 , one of 
other kinds of operation processing means for perform- 10 
ing one of other kinds of operation processing may be 
provided. 

[0053] How the second embodiment of the radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 75 
low. 

[0054] Firstly, the scanning belt 40 moves in the 
direction indicated by the arrow Y, and the sheet 50, on 
which the radiation image has been stored and which is 
supported on the scanning belt 40, is conveyed in the 20 
direction indicated by the arrow Y The conveyance 
speed of the sheet 50 is equal to the movement speed 
of the scanning belt 40. Information representing the 
movement speed of the scanning belt 40 is fed into the 
addition means 31 . 25 
[0055] The BLD 11 radiates out the laser beam L 
having a linear pattern with a line width of approximately 
1Q0nm. The laser beam L is radiated out approximately 
in parallel with the surface of the sheet 50. The laser 
beam L is converged and linearly expanded by the opti- 30 
cai system 12, which is constituted of the converging 
lens and the toric lens and is located in the . optical path 
of the laser beam L. The laser beam L impinges (is con- 
verged) in the linear pattern upon the dichroic mirror 1 4. 
The laser beam L ( which thus impinges (is converged) 35 
in the linear pattern upon the dichroic mirror 14, is 
reflected from the dichroic mirror 14 toward the surface 
of the sheet 50. As illustrated in Figure 5A, the reflected 
laser beam L is converged by the first distributed index 
lens array 15 into a linear beam (having a line width d L 40 
of approximately 1 Q0|im) extending along the direction 
indicated by the arrow X on the sheet 50. 
[0056] The dichroic mirror 14 is located such that 
the image of the linear area on the dichroic mirror 14 
(i.e., the linear area upon which the laser beam L 45 
impinges in the linear pattern) is formed by the first dis- 
tributed index lens array 15 onto the linear area extend- 
ing along the direction indicated by the arrow X on the 
sheet 50 (i.e. , the linear area onto which the laser beam 
L is converged as the linear beam having a line width d L 50 
of approximately 100|j,m), 

[0057] The laser beam L impinging upon the sheet 
50 is advantageous over the fluorescence produced by 
a fluorescent lamp and light radiated out from an LED 
array in that the directivity of the stimulating rays is high, 55 
the intensity of the stimulating rays is high, and there- 
fore high stimulation energy can be imparted to the 
stimulable phosphor sheet. Accordingly, the laser beam 



L can sufficiently stimulate the stimulable phosphor at 
the exposed area (having a line width d L of approxi- 
mately 100|im). As a result, the light M of high intensity 
carrying the image information stored on the sheet 50 is 
emitted by the stimulable phosphor at the exposed area. 
[0058] As illustrated in Figure 5B, the linear laser 
beam L impinging upon the sheet 50 stimulates the 
stimulable phosphor at the exposed area (having a line 
width d L of approximately 1 OO^m). The laser beam L 
also enters into the sheet 50 from the exposed area, is 
scattered to the areas neighboring with the exposed 
area, and stimulates the stimulable phosphor at the 
neighboring areas. In this manner, the stimulable phos- 
phor at the area (having a line width d M ) containing the 
exposed area and the neighboring areas is stimulated. 
As a result, the light M carrying the image information 
stored on the sheet 50 is emitted from the area (having 
a line width d M ) containing the exposed area and the 
neighboring areas. The emitted light M has an intensity 
distribution along the line width direction shown in Fig- 
ure 5C. 

[0059] The image of the light M emitted from the 
area of the sheet 50 having the line width d M is formed 
by the image forming optical system, which is consti- 
tuted of the first distributed index lens array 15 and the 
second distributed index lens array 16, onto each of the 
light receiving surfaces of the photoelectric conversion 
devices 21,21,... constituting the line sensor 20. At this 
time, the laser beam L, which has been reflected from 
the surface of the sheet 50 and is mixed slightly in the 
emitted light M having passed through the second dis- 
tributed index lens array 16, is filtered out by the stimu- 
lating ray cut-off filter 1 7. 

[0060] As illustrated in Figure 4, the relationship 
between the size of each photoelectric conversion 
. device 21 and the distribution of the emitted light M on 
the light receiving surface of the line sensor 20 is set 
such that the line width d M of the emitted light M on the 
surface of the sheet 50 may correspond to the total 
width (of approximately 300|wn) of the three rows of the 
photoelectric conversion devices 21, 21, ... standing 
side by side in the direction indicated by the arrow Y. 
[0061] The line sensor 20 photoelectrical^ converts 
the emitted light M, which has been received by each of 
the photoelectric conversion devices 21, 21, .... and 
obtains signal components of an image signal S from 
the photoelectric conversion devices 21, 21, ... The 
image signal S made up of the thus obtained signal 
components is fed into the addition means 31 . 
[0062] In accordance with the movement speed of 
the scanning belt 40, the addition means 31 cumulates 
and stores the signal components of the image signal S, 
which have been received from the photoelectric con- 
version devices 21, 21, in memory regions corre- 
sponding to respective sites on the sheet 50. 
[0063] How the signal components of the image 
signal S are cumulated and stored will hereinbelow be 
described in detail with reference to Figures 6A, 6B, 6C, 
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and Figure 7. 

[0064] Firstly, as illustrated in Figure 6A, in cases 
where the laser beam L is converged onto a site S1 at 
the leading end of the sheet 50, as viewed in the con- 
veyance direction of the sheet 50 (Indicated by the 
arrow Y), the light M having the intensity distribution 
shown in Figure 6A is emitted from the leading end site 

51 and a neighboring site S2 on the sheet 50. The light 
quantity of the light M emitted from the site S1 on the 
sheet 50 is equal to Q2. The emitted light M of the light 
quantity Q2 is received by a photoelectric conversion . 
device 21, which belongs to a photoelectric conversion 
device row 20B shown in Figure 4 and which corre- 
sponds to the site S1 on the sheet 50. (This is because 
the image of the site on the sheet 50 is formed by the 
image forming optical system, which is constituted of 
the first distributed index lens array 15 and the second 
distributed index lens array 16, on the light receiving 
surface of the photoelectric conversion device 21.) The 
light quantity of the light M emitted from the site S2 on 
the sheet 50 is equal to Q3. The emitted light M of the 
light quantity Q3 is received by a photoelectric conver- 
sion device 21 , which belongs to a photoelectric conver- 
sion device row 20C and which corresponds to the site 

52 on the sheet 50. (This is due to the same reasons as 
those described above.) 

[0065] The photoelectric conversion device 21 of 
the row 20B photoelectrically converts the emitted light 
M of the light quantity Q2 into an electric charge Q'2 and 
transfers the electric charge Q'2 into the addition means 
31. As illustrated in Figure 7, in accordance with the 
scanning speed of the scanning belt 40, the addition 
means 31 stores information representing the electric 
charge Q'2, which has been received from the photoe- 
lectric conversion device 21 of the row 20B, in a mem- 
ory region corresponding to the site S1 on the sheet 50. 
Also, the photoelectric conversion device 21 of the row 
20C photoelectrically converts the emitted light M of the 
light quantity Q3 into an electric charge Q'3 and trans- 
fers the electric charge Q'3 into the addition means 31. 
The addition means 31 stores the information repre- 
senting the electric charge Q'3 in a memory region cor- 
responding to the site S2 on the sheet 50. 
[0066] Thereafter, as illustrated in Figure 6B, the 
sheet 50 is conveyed, and the stimulating rays L are 
converged onto the site S2 on the sheet 50. In this state, 
as described above, the light M is emitted from the site 
S2 and the neighboring sites S1 and S3 on the sheet 
50. The light M of a light quantity Q4 is emitted from the 
site S1 , the light M of a light quantity Q5 is emitted from 
the site S2, and the light M of a light quantity Q6 is emit- 
ted from the site S3. The emitted light M is received by 
the corresponding photoelectric conversion device 21 of 
the row 20A, the corresponding photoelectric conver- 
sion device 21 of the row 20B, and the corresponding 
photoelectric conversion device 21 of the row 20C. 
[0067] The photoelectric conversion device 21 of 
the row 20A, the photoelectric conversion device 21 of 



the row 20B, and the photoelectric conversion device 21 
of the row 20C convert the emitted light M into electric 
charges Q'4, Q'5, and Q'6 and transfer them into the 
addition means 31. 

5 [0068] In accordance with the scanning speed of 
the scanning bejt 40, the addition means 31 stores 
pieces of information representing the electric charges 
Q'4, Q'5, and Q'6 t which have been received respec- 
tively from the photoelectric conversion device 21 of the 

10 row 20A, the photoelectric conversion device 21 of the 
row 20B, and the photoelectric conversion device 21 of 
the row 20C, in memory regions corresponding to the 
sites S1, S2, and S3 on the sheet 50. In the memory 
region corresponding to the site S1, the value of the 

15 electric charge Q'4 is added to the previously stored 
value of the electric charge Q'2. Also, in the memory 
region corresponding to the site S2, the value of the 
electric charge Q'5 is added to the previously stored 
. value of the electric charge Q'3. 

20 [0069] As illustrated in Figure 6C, the sheet 50 is 
then conveyed, and the stimulating rays L are con- 
verged onto the site S3 on the sheet 50. In this state, in 
the same manner as that described above, pieces of 
information representing electric charges Q'7, Q'8, and 

.25 Q'9, which have been received respectively from the 
photoelectric conversion device 21 of the row 20A, the 
photoelectric conversion device 21 of the row 20B, and 
the photoelectric conversion device 21 of the row 20C, 
are stored in the memory regions corresponding to the 

30 sites S2, S3, and S4 on the sheet 50 and added to the 
previous stored values. 

[0070] The operation described above is iterated at 
respective positions of conveyance of the sheet 50. In 
this manner, as illustrated in Figure 7, the total sum of 

35 the emitted light M having been received at the respec- 
tive positions of conveyance of the sheet 50 is stored in 
the memory region of the addition means 31 corre- 
sponding to each site on the sheet 50. 
[0071 ] The image signal having thus been stored in 

40 the memory is fed from the image information reading 
means 30 into an external image processing unit, or the 
like. 

[0072] The distributed index lens array may be 
formed by arraying the distributed index lenses in a flat 
45 plane-like form so as to satisfy the formula shown 
below. 

Nx{1-cos 3 (tan* 1 (D/2Lo))}s0.1 

so in which D represents the diameter of the distributed 
index lens, Lo represents the working distance of the 
distributed index lens, and N represents the number of 
the distributed index lenses falling within the radius of 
. field of the distributed index lens. 

55 In such cases, the movement of the stimulabl phos- 
phor sheet 50 with respect to the optical system, which 
comprises the line light source, the line sensor, the dis- 
tributed index lens arrays, and the like, is not obstructed, 
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and the light collecting efficiency can be kept high. 
[0073] As described above, with the second 
embodiment, as in the first embodiment, the intensity of 
light emitted by the stimulable phosphor sheet 50 and 
the position from which the light is emitted can be 5 
detected with a high light collecting efficiency and a high 
spatial resolution. Specifically, with the second embodi- 
ment, the line sensor 20 comprises multiple rows of the 
photoelectric conversion devices 21, 21 , ... standing 
side by side in the light receiving width direction. There- w 
fore, even if the line width d M of the emitted light M (i.e., 
the line width on the light receiving surface of each pho- 
toelectric conversion device 21) becomes larger than 
the light receiving width dp of each photoelectric conver- 
sion device 21, the line sensor 20 as a whole can is 
receive the emitted light M over approximately the entire 
line width of the emitted light. Accordingly, the light 
receiving efficiency can be enhanced. Also, the addition 
means 31 performs the addition processing on the out- 
puts of the photoelectric conversion devices 21, 21, ... 20 
constituting the line sensor 20, which outputs have been 
obtained at respective positions of sheet movement per- 
formed by the scanning belt 40 and which outputs cor- 
respond to an identical site on the sheet 50. In this 
manner, the light amounts having been detected with' 25 
respect to an identical site on the sheet 50 are added 
together, and the image signal is obtained. 
[0074] Further, the light received by the light receiv- 
ing surface of the line sensor 20 is obtained by forming 
the image of the linear light emission area of the emitted 30 
light onto the light receiving areas of the photoelectric 
conversion devices 21, 21, ... by the utilization of the 
image forming optical system, which is constituted of 
the first distributed index lens array 15 and the second 
distributed index lens array 16. Therefore, the informa- 35 
tion at the light emission surface can be detected accu- 
rately on the light receiving surface of the line sensor 
20. Also, the intensity of light emitted by the stimulable 
phosphor sheet 50 and the position from which the light 
is emitted can be detected with a high light collecting 40 
efficiency and a high spatial resolution, and an image 
having a high sharpness can be formed from the image 
signal information having been obtained from the detec- 
tion of the emitted light. 

[0075] The radiation image read-out apparatus in 45 
accordance with the present invention is not limited to 
the embodiments described above and may be embod- 
ied in various other ways. For example, various known 
constitutions may be employed as the line light source, 
the line sensor, or the operation means. Also, the radia- so 
tion image read-out apparatus in accordance with the 
present invention may further comprise an image 
processing unit, which performs various kinds of signal 
processing on the image signal obtained from the image 
information reading means 30, and/or erasing means 55 
for appropriately releasing radiation energy remaining 
on the sheet from which the image signal has been 
detected. 



[0076] As illustrated in Figure 4, the line sensor 20 
employed in the second embodiment comprises the plu- 
rality of the photoelectric conversion devices 21, 21, ... 
arrayed in the matrix-like pattern such that they may 
stand in a straight line along each of the I ngth direction 
(i.e., the major axis direction) of the line sensor 20 and 
the direction (i.e., the minor axis direction) normal to the 
major axis direction. However, the line sensor employed 
in the radiation image read-out apparatus in accordance 
with the present invention is not limited to the constitu- 
tion shown in Figure 4. For example, as in a line sensor 
80 illustrated in Figure 8A, the photoelectric conversion 
devices 21, 21, ... may be arrayed such that they may 
stand in a straight line along the major axis direction 
(indicated by the double-headed arrow X) and in a zig- 
zag pattern along the minor axis direction (indicated by 
the arrow Y). As another alternative, as in a line sensor 
90 illustrated in Figure 8B, the photoelectric conversion 
devices 21 , 21 , ... may be arrayed such that they may 
stand in a straight line along the minor axis direction and 
in a zigzag pattern along the major axis direction. 
[0077] in cases where the line sensor is constituted 
of a large number of photoelectric conversion devices 
and there is the risk that adverse effects will occur with 
respect to a transfer rate, memory devices correspond- 
ing to the respective photoelectric conversion devices 
may be utilized, and an electric charge having been 
accumulated in each of the photoelectric conversion 
devices during a charge accumulation period may be 
stored in the corresponding memory device. In the next 
charge accumulation period, the electric charge may be 
read from each memory device. In this manner, the 
charge accumulation time may be prevented from 
becoming short due to an increase in the charge trans- 
fer time. 

[0078] Also, in the aforesaid two embodiments of 
the radiation image read-out apparatus in accordance 
with the present invention, part of the optical path, along 
which the laser beam L travels to the sheet 50, and part 
of the optical path, along which the emitted light M is 
guided to the line sensor 20, overlap each other, and the 
size of the apparatus is thereby reduced. Alternatively, 
for example, as illustrated in Figure 9, the radiation 
image read-out apparatus in accordance with the 
present invention may be constituted such that the opti- 
cal path of the laser beam L and the optical path of the 
emitted light M may not overlap each other. 
[0079] Specifically, the radiation image read-out 
apparatus illustrated in Figure 9 comprises the scanning 
belt 40 and the BLD 1 1 for radiating out the linear laser 
beam L at an angle of approximately 45 degrees with 
respect to the surface of the sheet 50. The radiation 
image read-out apparatus also comprises the optical 
system 12, which is constituted of a combination of a 
converging lens for converging the linear laser beam L 
having been radiated out of the BLD 1 1 and a toric lens 
for expanding the beam only in the direction of the linear 
pattern of the laser beam L, and which converges the 
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linear laser beam L onto the surface of the sheet 50. 
The radiation image read-out apparatus further com- 
prises the distributed index lens array 1 6 having an opti- 
cal axis, which is inclined at an angle of approximately 
45 degrees with" respect to the surface of the sheet 50 
and which is approximately normal to the direction of 
travel of the laser beam L. The distributed index lens 
array 16 converges (forms the image of) the light M, 
which is emitted in the linear pattern by the sheet 50 
when the sheet 50 is exposed to the laser beam L, in the 
linear pattern onto the light receiving surfaces of the 
photoelectric conversion devices 21, 21, ... constituting 
the tine sensor 20. The radiation image read-out appa- 
ratus still further comprises the stimulating ray cut-off fil- 
ter 17 for transmitting only the emitted light M and 
filtering out the laser beam L, which is mixed slightly in 
the emitted light M impinging upon the distributed index 
lens array 16. The radiation image read-out apparatus 
also comprises the line sensor 20, which is constituted 
of the plurality of the photoelectric conversion devices 
21, 21, ... for receiving the emitted light M having 
passed through the stimulating ray cut-off filter 1 7 and 
for photoelectrical ly converting the emitted light M. The 
radiation image read-out apparatus further comprises 
the image information reading means 30. The image 
information reading means 30 is provided with the addi- 
tion means 31 for performing addition processing on 
outputs of the photoelectric conversion devices 21, 21, 
... constituting the line sensor 20, which outputs corre- 
spond to an identical site on the sheet 50. The image 
information reading means 30 feeds out an image sig- 
nal having been obtained from the addition processing. 
[0080] The distributed index lens array 1 6 employed 
in th embodiment of Figure 9 comprises a plurality of 
image forming lenses, each of which forms the image 
(the erect equi-magnification image) of the emission 
area of the emitted light M on the sheet 50 in one-to-one 
size relationship on each of the light receiving surfaces 
of the photoelectric conversion devices 21,21,... consti- 
tuting the line sensor 20. 

[0081] As another alternative, as illustrated in Fig- 
ure 10, a stimulable phosphor sheet 50' whose sub- 
strate is formed from a material permeable to the 
emitted light M may be employed, and the BLD 1 1 for 
producing the laser beam L and the line sensor 20 may 
be located on opposite surface sides of the sheet 50'. In 
this manner, the emitted light M emanating from the sur- 
face opposite to the surface of the sheet 50\ upon which 
the laser beam L impinges, may be received by the line 
sensor 20. 

[0082] Specifically, the radiation image read-out 
apparatus illustrated in Figure 10 comprises a conveyor 
belt 40' for supporting the leading end portion and the 
tail end portion of the stimulable phosphor sheet 50' and 
conveying the sheet 50' in the direction indicated by the 
arrow Y. (No image information is stored at the leading 
end portion and the tail end portion of the sheet 50', or 
image information representing a region other than a 



region of interest in the radiation image is stored at the 
leading end portion and the tail end portion of the sheet 
50*.) The radiation image read-out apparatus also com- 
prises the BLD 1 1 for radiating out the linear laser beam 

5 L along the direction approximately normal to one sur- 
face of the sheet 50'. The radiation image read-out 
apparatus further comprises the optical system 12, 
which is constituted of a combination of a converging 
lens for converging the linear laser beam L having been 

w radiated out of the BLD 1 1 and a toric lens for expanding 
the beam only in the direction of the linear pattern of the 
laser beam L, and which converges the linear laser 
. beam L onto the one surface of the sheet 50'. The radi- 
ation image read-out apparatus still further comprises 

is the distributed index lens array 16 having an optical 
axis, which is approximately normal to the one surface 
of the sheet 50'. The distributed index lens array 1 6 con- 
verges (forms the image of) light M\ which is emitted in 
the linear pattern from the other surface of the sheet 50' 

20 when the sheet 50' is exposed to the laser beam L (i.e., 
the other, surface opposite to the one surface on the 
laser beam incidence side), in the linear pattern onto 
the light receiving surfaces of the photoelectric conver- 
sion devices 21, 21, ... constituting the line sensor 20. 

25 The radiation image read-out apparatus also comprises 
the stimulating ray cut-off filter 17 for transmitting only 
the emitted light M* and filtering, out the laser beam L, 
which is mixed slightly in the emitted light M' impinging 
upon the distributed index lens array 16. The radiation 

30 image read-out apparatus further comprises the line 
sensor 20, which is constituted of the plurality of the 
. photoelectric conversion devices 21 , 21 , ... for receiving 
the emitted light M* having passed through the stimulat- 
ing ray cut-off filter 17 and for photoelectrical ly convert- 

35 ing the emitted light M\ The radiation image read-out 
apparatus still further comprises the image information 
reading means 30. The image information reading 
means 30 is provided with the addition means 31 for 
performing addition processing on outputs of the photo- 

40 electric conversion devices 21, 21, ... constituting the 
line sensor 20, which outputs correspond to an identical 
site on the sheet 50*. The image information reading 
means 30 feeds out an image signal having been 
obtained from the addition processing. 

45 [0083] As in the embodiment of Figure 9, the dis- 
tributed index lens array 16 employed in the embodi- 
ment of Figure 10 comprises a plurality of image 
forming lenses, each of which forms the image (the 
erect equi-magnification image) of the emission area of 

so the emitted light M' on the sheet 50' in one-to-one size 
relationship on each of the light receiving surfaces of 
the photoelectric conversion devices 21, 21, ... consti- 
tuting the line sensor 20. 

55 Claims 

1. A radiation image read-out method, comprising the 
steps of: 
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i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of one surface of a stimulable phos- 
phor sheet, on which a radiation image has 
been stored, the stimulating rays causing the 5 
stimulable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) receiving light, which is emitted from the lin- 
ear area of the one surface of the stimulable jo 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of the other sur- 
face of the stimulable phosphor sheet 
corresponding to the linear area of the one sur- 
face of the stimulable phosphor sheet, with a 75 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of the linear area of the stimulable 
phosphor sheet, the received light being sub- 
jected to photoelectric conversion performed 20 
by the line sensor, and 

Hi) moving the stimulable phosphor sheet with 
respect to the line light source and the line sen- 
sor and in a direction different from the length 
direction of the linear area of the stimulable 25 
phosphor sheet, 

wherein the light, which is emitted from the lin- 
ear area of the one surface of the stimulable 
phosphor sheet or from the linear area of the 
other surface of the stimulable phosphor sheet, 30 
is converged by a distributed index lens array, 
which is located between the stimulable phos- 
phor sheet and the line sensor and which com- 
prises a plurality of distributed index lenses 
. arrayed along the length direction of the linear 35 
area of the stimulable phosphor sheet. 

2. A method as defined in Claim 1 wherein the line 
sensor comprises a plurality of the photoelectric 
conversion devices arrayed along the length direc- 40 
tion of the linear area of the stimulable phosphor 
sheet and along the direction different from the 
length direction of the linear area of the stimulable 
phosphor sheet. 

45 

3. A method as defined in Claim 1 wherein the distrib- 
uted index lens array satisfies the formula: 

Nx{1 -cos 3 (tan * 1 (D/2Lo)))a0.1 

50 

in which D represents the diameter of the distrib- 
uted index lens, Lo represents the working distance 
of the distributed index lens, and N represents the 
number of the distributed index lenses falling within 
the radius of field of the distributed index lens. 55 

4. A method as defined in Claim 2 wherein the distrib- 
uted index lens array satisfies the formula: 



Nx{Kos 3 (tan * 1 (D/2Lo)))aO. 1 

in which D represents the diameter of the distrib- 
uted index fens, Lo represents the working distance 
of the distributed index lens, and N represents the 
number of the distributed index lenses falling within 
the radius of field of the distributed index lens. 

5. A method as defined in Claim 1 , 2, 3, or 4 wherein 
the working distance of the distributed index tens 
fails within the range of 1mm to 1 0mm. 

6. A method as defined in Claim 1 , 2, 3, or 4 wherein 
the distributed index lens array has. a transmittance 
of at least 80% with respect to a light component 
having a wavelength exhibiting the highest intensity 
among the light components of the light emitted by 
the stimulable phosphor sheet. 

7. A method as defined in Claim 5 wherein the distrib- 
uted index lens array has a transmittance of at least 
80% with respect to a light component having a 
wavelength exhibiting the highest intensity among 
the light components of the light emitted by the 
stimulable phosphor sheet. 

8. A radiation image read-out apparatus, comprising: 

i) a line light source for linearly irradiating stim- 
ulating rays onto an area of one surface, of a 
stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulable phosphor sheet to 
emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) a line sensor for receiving light, which is 
emitted from the linear area of the one surface 
of the stimulable phosphor sheet exposed to 
the linear stimulating rays or from a linear area 
of the other surface of the stimulable phosphor 
sheet corresponding to the linear area of the 
one surface of the stimulable phosphor sheet, 
and performing photoelectric conversion of the 
received light, the line sensor comprising a plu- 
rality of arrayed photoelectric conversion 
devices, and 

iii) scanning means for moving the stimulable 
phosphor sheet with respect to the line light 
source and the line sensor and in a direction 
different from a length direction of the linear 
area of the stimulable phosphor sheet, 
wherein a distributed index lens array, which 
comprises a plurality of distributed index lenses 
arrayed along the length direction of the linear 
area of the stimulable phosphor sheet, is 
located between the stimulable phosphor sheet 
and the line sensor in order to converge the 
light, which is emitted from the linear area of 
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the one surface of the stimulable phosphor 
sheet or from the linear area of the other sur- 
face of the stimulable phosphor sheet. 

9. An apparatus as defined in Claim 8 wherein the line s 
sensor comprises a plurality of the photoelectric 
conversion devices arrayed along the length direc- 
tion of the linear area of the stimulable phosphor 
sheet and along the direction different from the 
length direction of the linear area of the stimulable w 
phosphor sheet. 

10. An apparatus as defined in Claim 8 wherein the dis- 
tributed index lens. array satisfies the formula: 



Nx{1-cos 3 (tan* 1 (D/2Lo))}as0.1 



15 



in which D represents the diameter of the distrib- 
. uted index lens, Lo represents the working distance 
. of the distributed index lens, and N represents the 20 
number of the distributed index lenses falling within 
the radius of field of the distributed index lens. 

11. An apparatus as defined in Claim 9 wherein the dis- 

. tributed index lens array satisfies the formula: 25 , 

Nx{1-cos 3 (tan _1 (D/2Lo))}s0.1 

in which D represents the diameter of the distribr 
uted index lens, Lo represents the working distance 30 
of the distributed index lens, and N represents the 
number of the distributed index lenses failing within 
the radius of field of the distributed index lens. 

12. An apparatus as defined in Claim 8, 9, 10, or 11 35 
wherein the working distance of the distributed 
index lens falls within the range of 1mm to 10mm. 

13. An apparatus as defined in Claim 8, 9, 10, or 11 
wherein the distributed index lens array has a trans- 40 
mittance of at least 80% with respect to a light com- . . 
ponent having a wavelength exhibiting the highest 
intensity among the light components of the light 
emitted by the stimulable phosphor sheet 

45 

14. An apparatus as defined in Claim 12 wherein the 
distributed index lens array has a transmittance of 
at least 80% with respect to a light component hav- 
ing a wavelength exhibiting the highest intensity 
among the light components of the light emitted by so 
the stimulable phosphor sheet. 
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(54) Radiation image read-out method and apparatus 



(57) Stimulating rays produced by a line light source 
are linearly irradiated onto an area of one surface of a 
stimulable phosphorsheet (50), on which a radiation im- 
age has been stored. The stimulating rays cause the 
sheet to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation. Light, 
which is emitted from the linear area of the one surface 
of the sheet exposed to the linear stimulating rays or 
from a linear area of the other surface corresponding to 



the linear area of the one surface, is received with a line 
sensor (120) comprising photoelectric conversion de- 
vices (21 ) arrayed along a length direction of the linear 
area of the sheet. The sheet is moved with , respect to 
the line light source and the line sensor and in a direction 
different from the length direction of the linear area of 
the sheet. A distributed index lens array (1 6) comprising 
distributed index lenses arrayed along the length direc- 
tion of the linear area of the sheet is located between 
the sheet and the line sensor. 
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